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WARP-SUPPRESSED SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a semiconductor device of, e.g., 
a ball grid array (BGA) type, in which a semiconductor chip is 
connected, through flip chip bonding, to a mounting substrate 
manufactured by the same method as that for an organic printed 
wiring board, and a method for manufacturing the same. 

2. Description of the Related Art 

Generally, amounting substrate to which the semiconductor 
chip is connected through flip chip bonding is manufactured by 
the same method as that for an organic printed wiring board. 
The mounting substrate is formed of wiring layers the number 
of which ranges from two to a dozen or so depending on purposes. 
However, the thickness of the mounting substrate is about 0.5 
to 2 . Omeven if there are a dozen wiring layers or so . Accordingly, 
the mounting substrate is very vulnerable to external force or 
stress caused by a difference in coefficients of thermal 
expansion between materials of different kinds and is easily 
warped. Outside dimensions of the mounting substrate greatly 
vary depending on a size of a semiconductor chip to be mounted 
on the mounting substrate, the number of external terminals, 
and a way of arrangement of the external terminals, e.g., a full 
grid or a peripheral grid. To take an example, because of lighter 
weight and thinner formation requirements, the ' outside 
dimensions of the mounting substrate are 45 to 50 [ [mmO] ] mmsquare 




I 
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and the thickness thereof is about 1 . 0 to 2 . 5 mm in a case where 
a semiconductor chip is about 17 to 20 [ [mmP] ] mmsquare , the number 
of pad electrodes of the chip is 2000 to 3000, and the way of 
arrangement of 1800 to 2000 external terminals (bumps) necessary 
to be disposed on the mounting substrate is a full grid. 

First, a conventional semiconductor device will be 
described with . reference to Japanese Patent Laid-Open 
Publication No. 2000-323624 and Figs. 14a and 14b. Fig. 14a 
is a plan view of a conventional semiconductor device 200, 
described in, e.g., Japanese Patent Laid-Open Publication No. 
2000-323624, in a state in which a lid 231 is removed, and Fig. 
14b is a sectional view taken along the line E-E' of Fig. 14a 
in a state in which the lid 2 31 is attached. In this semiconductor 
device 200, a semiconductor chip 220 is connected to a mounting 
substrate 210 with a thickness of about 1 mm through flip chip 
bonding, and a gap therebetween is filled with an underfill resin 
240 to be cured. A stiffener 230 is bonded to the mounting 
substrate 210 so as to surround the semiconductor chip 220, and 
the lid 231 is fixed to a backside of the semiconductor chip 
220 and to an end surface of the stiffener 230 with a conductive 
adhesive 243. In addition, a space 247 is formed between the 
stiffener 230 and side faces of the semiconductor chip 220. 

Next, an outline of a method for manufacturing the 
conventional semiconductor device 200 will be described with 
reference to Figs. 15a to 15g. First, the above-described 
mounting substrate 210, the semiconductor chip 220 , the stiffener 
230, the underfill resin 240, an epoxy resin adhesive 242, the 
conductive adhesive 243, and the lid 231 are prepared, and a 
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Next, the conductive adhesive 243 with a thermal expansion 
coefficient of 16 to 22 ppm is attached onto the end surface 
of the stif fener 230 and onto the backside of the semiconductor 
chip220by coating oraprintingmethod (Fig, 15e) . Subsequently, 
5 the lid 231 is aligned with the stif fener 230 and mounted thereon 
[ [with] Jby applying a proper load. Further, in this state, the 
conductive adhesive 243 is cured at a temperature of about 150 

to [[170 °C] ] 170°C (Fig. 15f ) . A batch-processing method in 
an oven or a general method of continuously putting materials 

10 into a belt furnace to cure the materials is applicable for the 
curing method. 

Lastly, solder bumps 213 [ [ , ] ] and external terminals, are 
bonded to the lands 212 of the mounting substrate 210 by a general 
method (Fig. 15g) . In the conventional semiconductor device 

15 200, in a state at a room temperature and immediately after the 
solder bumps 213 are bonded to the lands 212 of the mounting 
substrate 210, as shown in Fig. 16a for example, a portion of 
the mounting substrate 210 opposite the semiconductor chip 220 

is pulled to a semiconductor chip 220 side by about 100 \m to 
20 [ [be] ] form a convex- [ [shaped] ] shape on a chip mounting surface 
side . 

Fig . 16a is a view schematically showing a state of warpage 
in the mounting substrate 210 when the semiconductor device 200 

is at a room temperature of [[20 °C]]20^, and Figs. 16b and 
25 16c are views schematically showing state of warpage in the 
mounting substrate 210 when the semiconductor device 200 is at 
a low temperature of [ [-4 5 °C] ] -45°C and at a high temperature 
of 150°C, respectively. As shown in Fig. 16a, the conventional 



5 Serial No. 10/763,554 

Docket: NEC 26485 
Marked Specification 

semiconductor device 200 is in a state of being convex to the 
chip side by about 100 im at the room temperature of 20°C. When 
the semiconductor device 200 is cooled to -45°C from this state, 
the amount of warpage is [ [increase] ] increased to 180 (im as shown 
5 in Fig. 16b. When the temperature is once returned to the room 
temperature, and then the semiconductor device 200 is heated 
to 150°C, the amount of warpage is reduced to about 50 as 
shown in Fig. 16c. Accordingly, in the conventional 
semiconductor device 2 00, if a temperature cycling between the 

10 low temperature state of -45°C and the high temperature state 
of 150°C is repeated several hundred to several thousand times, 
cracks may occur in the bump electrodes 222 which join the pads 
221 of the semiconductor chip 220 to the lands 211 of the mounting 
substrate 210, and detachment may also occur in joined 

15 interfaces. 

A reason for the occurrence of cracks in the solder bumps 
and for the detachment in the joined interfaces between the pads 
and the lands can be presumed as follows . Fig . 17 is an enlarged 
schematic view of the vicinity of one of the bump electrodes 

20 222 to explain the reason. Hereinafter, the description will 
be made with reference to Fig, 17. Stress with an in-plane 
direction generated by the thermal expansion coefficient 
difference between the mounting substrate 210 and the 
semiconductor chip 220 is absorbed with the underfill resin 240 

25 filled into the gap. However, the contraction of the underfill 
resin 240 brings a state in which the bump electrode 222 is pulled 
toward the semiconductor chip 220, and at the same time force 
in a vertical direction to the surface of the semiconductor chip 
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220 is applied. If the temperature cycling is repeated in this 
state, the mounting substrate 210 including the semiconductor 
chip 220 rcpcQto otatco in repeatedly moves between a convex 
shape and in a flat shape, and thus stresses of tension and 
5 compression are repeated in the connected portion of the bump 
electrode 222 with the pad 221 or in the connected portion of 
the mounting substrate 210 with the land 211. Consequently, 
it can be presumed that a crack 217 occurs in the bump electrode 
222 and detachment 218 occurs in the joined interface, thus 

10 leading to destruction. 

In the semiconductor device 200 manufactured by the 
aforementioned method, the pads 221 of the semiconductor chip 
220 with a thickness of 0.7 mm are connected to the wiring 
electrodes 211 of the resin mounting substrate 210 with a 

15 thickness of 0.5 to 2.0 mm through the bump electrodes 222, and 
secured by the underfill resin 240 for reinforcing the connected 
portions. In addition, the stiff ener 230 with a thickness of 
about 0.5 to 1.0 mm is bonded to the resin mounting substrate 
210 so as to surround the semiconductor chip 220, thereby Qocuring 

20 increasing the flatness and the strength of the resin mounting 
substrate 210. In this state, the lid 243 with a thickness of 
0 . 5 to 1 . 0 mm for protecting the semiconductor chip 220 is mounted, 
thus configuring the semiconductor device 200. 

The warpage in the substrate as shown in Fig. 16a occurs 

25 in the mounting substrate 210 of the semiconductor device 200 
constituted of the aforementioned components at the room 
temperature. This view is a sectional view taken along the line 
E-E' of Fig. 14a. A portion directly facing the semiconductor 

r 
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chip 220 is pulled toward the semiconductor chip 220 by the 
contraction of the underfill resin 240 to be in a convex state 
on the chip mounting surface side. A portion directly bonded 
to the stif fener 230 is also deformed to be slightly convex on 
5 the chip mounting surface side. In other words ^ deformation 
of two-stage shapes occurs. 

If the thermal expansion coefficient of the underfill resin 
240 is reduced to about 16 to 22 ppm, the phenomenon that the 
portion directly facing the semiconductor chip 220 is pulled 

10 to be convex may be suppressed to a certain extent. However, 
it is difficult to greatly reduce the amount of warpage in the 
mounting substrate. To reduce the thermal expansion 
coefficient of the underfill resin 240, a large amount of silica 
filler or the like is generally mixed. However, this causes 

15 an increase in the viscosity of the resin. Consequently, voids 
are generated in the underfill resin 240 in a region where the 
mounting substrate 210 and the semiconductor chip 220 face each 
other, and thereby the detachment phenomenon easily occurs. 
Therefore, it was difficult to reduce the thermal expansion 

20 coefficient to 32 ppm or lower. That is, there is a trade-off 
relation between the thermal expansion coefficient of the 
underfill resin 240 and the viscosity thereof, in which filler 
such as silica or alumina only needs to be mixed by a large amount 
in order to reduce the thermal expansion coefficient, but a larger 

25 amount of the mixed filler causes a higher viscosity. 

Japanese Patent Laid-Open Publication No. 2000-260820 
discloses a semiconductor device configured in such a manner 
that a semiconductor chip is connected to a wiring pattern surface 
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of a mounting substrate; a first sealant (underfill resin) is 
injected into a gap therebetween at 60 to [[120 ^^C]] 120^0 and 
then cured at 140 to [ [170 °C] ] 170^; and thereafter side faces 
of the chip are sealed by a second sealant (well-known fillet 
5 material) . In this semiconductor device, the first sealant is 
present in the gap between the chip and the substrate, and the 
second sealant is formed in a fillet shape on the side faces 
of the semiconductor chip. 

Furthermore, Japanese Patent Laid-Open Publication No. 

10 2000-349203 discloses a semiconductor device configured in such 
a manner that a semiconductor chip is connected to an interposer 
substrate through flip chip bonding; a gap between the interposer 
substrate and the semiconductor chip, anda correspondingportion 
to the aforementioned stif f ener are integrally filled with resin 

15 by transfer molding; and a heat spreader (equivalent to the lid) 
is mounted thereon. 

It has now been discovered that, in the conventional 
semiconductor device, in order to prevent the destruction of 
the bumps for solder-connecting the materials different in 

20 coefficients of thermal expansion, such as the mounting substrate 
made of an organic resin substrate and the semiconductor chip 
including, e.g., silicon, a gap between the semiconductor chip 
and the mounting substrate is filled with the underfill resin 
with a high thermal expansion coefficient and with a high elastic 

25 modulus, thereby reducing stress caused by the difference in 
thermal expansion coefficients therebetween . However, because 
of great differences in thermal expansion coefficient and elastic 
modulus between the materials, at the end of the manufacturing 
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process, the region where the mounting substrate and the 
semiconductor chip face each other through the underfill resin 
is in a warped state due to the occurrence of stress to be pulled 
to the semiconductor chip side. Accordingly, an increased 
5 amount of warpage causes a problem that a solder connection 
failure easily occurs in a warped portion when the semiconductor 
device is mounted on a circuit board or the like by soldering. 
Additionally, as for the semiconductor device itself, there is 
no problem in a state of a room temperature with small fluctuation 

10 in a range of about [[5 °C]]52C to [[35 °C] ] 35°C . However, if 
a low temperature and a high temperature is repeated like the 
temperature cycling, there is a problem that the warpage in the 
mounting substrate causes cracks in the solder bumps for 
connecting the pads of the semiconductor chip to the lands of 

15 the mounting substrate, and detachment in the joined interfaces . 

Furthermore, for example, even in the structure in which 
the first sealant is present in the gap between the chip and 
the substrate, and the second sealant is formed in a fillet shape 
on the side faces, it is impossible to completely prevent the 

20 contraction of the first sealant and the substrate directly 
facing the chip. Further, in the case of the structure in which 
the sealing resin with a large filler content is injected as 
the underfill resin to fill a gap between the interposer substrate 
and the semiconductor chip by transfer molding, because of the 

25 high viscosity of the resin, voids are easily generated in the 
gap between the interposer substrate and the semiconductor chip, 
thereby causing problems leading to loss of reliability, such 
as the occurrence of cracks and detachment. 
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SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 
semiconductor device including a semiconductor chip mounted on 
5 a mounting substrate through flip chip bonding, in which, in 
a state after sealing, the amount of warpage in the mounting 
substrate is in a range which does not hinder solder-mounting 
of the semiconductor device on a mounting board such as a circuit 
board; in a temperature cycling test, no destruction is caused 

10 by the occurrence of cracks, detachment and the like in solder 
bumps and the like which are connecting members between the 
semiconductor chip and the mounting substrate; and no cracks 
and the like occur in the mounting substrate. 

In order to achieve the above object, a semiconductor 

15 device of the present invention includes: a semiconductor chip 
mounted on a mounting substrate with a gap between the chip and 
the mounting substrate; a first resin filling the gap between 
the semiconductor chip and the mounting substrate; a stif fener 
surrounding the semiconductor chip; and a second resin filling 

20 a space between the semiconductor chip and the stiffener in 
contact with the first resin, the first resin being different 
in a thermal expansion coefficient from the second resin. More 
specifically, the semiconductor device includes the 
semiconductor chip provided with a plurality of external 

25 connection electrodes (hereinafter, referred to as chip 
electrodes) on one main surface, and the mounting substrate 
provided with electrodes (hereinafter, referred to as internal 
land electrodes) corresponding to the chip electrodes on a first 
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surface. The semiconductor chip is mounted on the mounting 
substrate by connecting the chipelectrodes and the corresponding 
internal land electrodes through conductive electrodes such as 
solder bumps (hereinafter, referred to as connection member) 
5 while allowing the chip electrodes and the internal land 
electrodes to face each other. Further, the semiconductor 
device includes the first resin filling the gap between the 
semiconductor chip and the mounting substrate, the stiffener 
surrounding the semiconductor chip, and the second resin filling 

10 the space between the semiconductor chip and the stiffener in 
contact with the first resin, and the first resin is different 
in the thermal expansion coefficient from the second resin . Note 
that, the first resin may include an underfill part filling the 
gap between the semiconductor chip and the mounting substrate, 

15 and the fillet part extended from the semiconductor chip region. 
The thermal expansion coefficient of the second resin may be 
preferably smaller than that of the first resin. The stiffener 
may be adhered to the mounting substrate with a resin the same 
as the second resin or a first adhesive being larger in a thermal 

20 expansion coefficient than the second resin. 

According to the semiconductor device thus configured, 
by selecting the first resin and the second resin so that a thermal 
expansion coefficient of the second resin is smaller than that 
of the first resin, it is possible to relax the 

25 contraction/expansion stress of the first resin caused by 
temperature changes during and after heat curing . Accordingly, 
warpage in the mounting substrate can be suppressed even if a 
material with low viscosity but with a slightly high thermal 
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expansion coefficient is used for the first resin in order to 
prevent the occurrence of voids in the underfill part and to 
suppress detachment and destruction of the connection members. 
Moreover^ even in a temperature cycling test in which a low 
5 temperature state and a high temperature state are repeated by 
turns, stress caused by the contraction/expansion of the first 
resin is limited to a minimum. Thus, it is possible to prevent 
the occurrence of cracks, detachment and destruction in the 
connection members such as solder bumps, and detachment of the 

10 chip electrodes and the internal land electrodes. More 
preferably, the thermal expansion coefficient of the second resin 
is smaller than that of the mounting substrate. 

A method for manufacturing a semiconductor device of the 
present invention includes the steps of: bonding a stiff ener 

15 to a mounting substrate; connecting a semiconductor chip to the 
mounting substrate; filling a gap with a first resin and curing 
it; filling a space between the semiconductor chip and the 
stiffener with a second resin and curing it; attaching a lid; 
and connecting solder bumps. In this method, at least the step 

20 of bonding the stiffener to the mounting substrate is set as 
a first step, and the step of connecting the semiconductor chip 
to the mounting substrate is set as a second step. In this case, 
preferably, the resin curing in the steps of bonding the stiffener 
to the mounting substrate, of connecting the semiconductor chip 

25 to the mounting substrate, of filling a gap with the first resin 
and curing it, and of filling a space with the second resin and 
curing it, is a process of semi-curing the resins, and all the 
resins are completely cured simultaneously in a process of curing 
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in the step of attaching the lid. 

According to this manufacturing method, since the strength 
of the mounting substrate can be reinforced, it is possible to 
improve handling performance during the manufacturing processes 
5 and to suppress warpage in the mounting substrate. Moreover, 
since the adhesives and the resins are temporarily cured in the 
respective steps to become in a semi-cured state, and subjected 
to real curing at the end to be completely cured, it is possible 
to suppress warpage in the mounting substrate after the 

10 manufacture to a minimum. 

Further, another method for manufacturing a semiconductor 
device of the present invention includes the steps of: bonding 
a stiff ener to a mounting substrate; connecting a semiconductor 
chip to the mounting substrate; filling a gap with a first resin 

15 and curing it; attaching a lid; filling a space, which is 
surrounded by the lid, side faces of the semiconductor chip, 
the St iff ener and the mounting substrate, with a second resin 
and curing it; and connecting solder bumps. In this method, 
the step of filling the space with the second resin and curing 

20 it is executed after the step of attaching the lid. 

According to this manufacturing method, since the second 
resin is injected and cured after the lid is attached, the space 
can be completely filled with the second resin without generating 
any empty space in the vicinity of the lid, and thus deformation 

25 of the mounting substrate can be suppressed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, advantages and features of 
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the present invention will be more apparent from the following 
description taken in conjunction with the accompanying drawings , 
in which: 

Fig. la is a plan view of a semiconductor device of a first 
5 embodiment of the present invention, in a state in which a lid 
is removed; 

Fig. lb is a sectional view taken along the line Al-Al' 
of Fig. la^ in a state in which the lid is attached to the 
semiconductor device of the first embodiment; 
10 Fig. 2 is a sectional view of a semiconductor device of 

a second embodiment of the present invention, equivalent to Fig. 
lb of the first embodiment; 

Fig . 3a is a plan view of a semiconductor device of a third 
embodiment of the present invention, in a state in which a lid 
15 is removed; 

Fig. 3b is a sectional view taken along the line A2-A2' 
of Fig. 3a, in a state in which the lid is attached to the 
semiconductor device of the third embodiment; 

Fig. 3c is a partially enlarged sectional view of a bonded 
20 portion of a mounting substrate with a stiff ener in Fig. 3b; 

Fig. 4 is a sectional view of a semiconductor device of 
a fourth embodiment of the present invention, equivalent to Fig, 
lb of the first embodiment; 

Fig. 5a is a plan view of a semiconductor device of a fifth 
25 embodiment of the present invention, in a state in which a lid 
is removed; 

Fig. 5b is a partially sectional view taken along the line 
B-B' of Fig. 5a, in a state in which the lid is attached to the 
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semiconductor device of the fifth embodiment; 

Fig. 5c is a sectional view taken along the line C-C of 
Fig. 5a, in a state in which the lid is attached to the 
semiconductor device of the fifth embodiment; 
5 Fig. 6 is a sectional view of a semiconductor device of 

a sixth embodiment of the present invention, equivalent to Fig. 
lb of the first embodiment; 

Fig. 7 is a sectional view of a semiconductor device of 
a seventh embodiment of the present invention, equivalent to 
10 Fig. lb of the first embodiment; 

Figs. 8a to 8h are sectional views for respective steps, 
taken along the line Al-Al' of Fig. la, for explaining a method 
for manufacturing the semiconductor device of the first 
embodiment; 

15 Figs. 9a to 9i are views for explaining a method for 

manufacturing the semiconductor device of the fifth embodiment, 
wherein Figs. 9a to 9f are sectional views for respective steps, 
taken along the line A2-A2' of Fig. 5a, Fig. 9g is sectional 
view taken along the line C-C of Fig. 5a, Fig. 9h is a plan 

20 view for a heating pressing-in nozzle brought into contact with 
two of the groove parts formed in the corners of the stiffener 
to which the lid is connected, and Fig. 9i is a sectional view 
taken along the line D-D' of Fig. 9h; 

Figs . 10a to lOg are sectional views for respective steps, 

25 taken along the line Al-Al' of Fig. la, for explaining a method 
for manufacturing the semiconductor device of the sixth 
embodiment; 

Figs. 11a to llg are sectional views for respective steps. 
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taken along the line Al-Al' of Fig. la, for explaining a method 
for manufacturing the semiconductor device of the seventh 
embodiment; 

Figs. 12a to 12e are views, each schematically showing 
5 a warped state of amounting substrate in the semiconductor device 
of each embodiment of the present invention; 

Fig. 12f is a view schematically showing a warped state 
of a mounting substrate of a conventional semiconductor device 
for comparison; 

10 Fig. 13 is a graph showing results of actually measuring 

the amount of warpage in a mounting substrate of a semiconductor 
device of the present invention when the temperature of the 
semiconductor device is changed; 

Fig. 14a is a plan view of a conventional semiconductor 
15 device in a state in which a lid is removed; 

Fig. 14b is a sectional view taken along the line E-E' 
of Fig. 14a, in a state in which the lid is attached to the 
conventional semiconductor device; 

Figs. 15a to 15g are sectional views for respective steps, 
20 taken along the line E-E' of Fig, 14a, for explaining a method 
for manufacturing the conventional semiconductor device; 

Figs. 16a to 16c are views, each schematically showing 
a warped state of the conventional semiconductor device in a 
temperature cycling test; and 
25 Fig. 17 is an enlarged sectional view around a bump 

electrode of the conventional semiconductor device. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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The invention will be now described herein with reference 
to illustrative embodiments. Those skilled in the art will 
recognize that many alternative embodiments can be accomplished 
using the teaching of the present invention and that the invention 
5 is not limited to the embodiments illustrated for explanatory 
purposes . 
(First Embodiment) 

As shown in Figs, la and lb, a semiconductor device 1 of 
a first embodiment includes: a mounting substrate 10; a 

10 semiconductor chip 20 mounted on a first surface of the substrate 
10 through flip chip bonding; a first resin 40 filling a gap 
between the substrate 10 and the chip 20 ; a frame-shaped stif f ener 
30 surrounding the chip 20; a first adhesive 42 for bonding a 
first end surface of the stiffener 30 to the substrate 10; a 

15 lid 31 for covering the stiffener 30 and an area surrounded by 
the stiffener 30; a second adhesive 43 for bonding the lid 31 
to a backside of the chip 20 and to a second end surface opposite 
the first end surface of the stiffener 30; and a second resin 
41 filling a space between the stiffener 30 and the chip 20 in 

20 contact with the first resin 40. The first resin 40 includes 
an underfill part 40a filling a gap between the chip 20 and the 
substrate 10, and a fillet part 40b extended from a region where 
the chip 20 and the substrate 10 face each other. Detailed 
description will be made below. 

25 The chip 20 includes a plurality of chip electrodes 21 

for external connection on amain surface thereof . The substrate 
10 includes internal land electrodes 11 formed in corresponding 
positions to the chip electrodes 21 on the first surface, external 
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land electrodes 12 formed on a second surface opposite the first 
surface, an in-substrate wiring 15 for connecting the 
corresponding internal and external electrodes 11 and 12 to each 
other, and, e.g., solder bumps 13 bonded to the external land 
5 electrodes 12. The solder bumps 13 serve as ctcrnQl external 
terminals of the semiconductor device 1. 

The internal land electrodes 11 of the substrate 10 and 
the corresponding chip electrodes 21 of the chip 20 are connected 
to each other through bump electrodes 22 made of conductive 
10 material. The underfill part 40a filling fills a gap between 
the chip20andthe substrate 10 and relaxes stress on the connected 
portions . 

The chip 20 is mounted on a center portion of the substrate 
10. The stiff ener 30 is bonded to a peripheral portion of the 

15 first surface of the substrate 10 with the first adhesive 42 
so as to surround the chip 20. In the semiconductor device 1, 
the stiffener 30 reduces the warpage in the substrate 10 caused 
by thermal or mechanical stress during manufacturing processes, 
and at the same time reinforces the strength of the semiconductor 

20 device 1. 

The second resin 41 fills the space surrounded by the 
substrate 10, the inner walls of the stiffener 30, the side walls 
(or faces) of the chip 20 and the lid 31 in contact with the 
fillet part 40b, and all the space is almost eliminated. The 
25 thermal expansion coefficient of the second resin 41, more 
specifically, the linear expansion coefficient thereof is 
smaller than at least that of the first resin 40. According 
to such a semiconductor device 1, since the space between the 
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chip 20 and the stiffener 30 is filled with the second resin 
41 smaller in thermal expansion coefficient than at least the 
first resin 40 and the second resin 41 is cured, it is possible 
to suppress warpage in the substrate 10 due to the 
5 expansion/contraction of the first resin 40 at the high/low 
temperature states. Note that the warpage in the substrate 10 
can be further reduced by setting the thermal expansion 
coefficient of the second resin 41 smaller than those of the 
first adhesive 42, the second adhesive 43, the substrate 10, 
10 and the like- 

Here, Table 1 shows examples of characteristics of the 
used resins such as the first resin 40, the second resin 41 and 
the like. 

15 



Table-1 Characteristics of each resin 





Thermal expansion 
coefficient (ppm) 


Elastic modulus 
(GPa) 


First adhesive 


16-22 


11-12 


First resin 


30-32 


9-10 


Second resin 


8-16 


11-28 


Second adhesive 


50-100 


3-9 



Next, referring to Figs. 8a to 8h, a method for 
20 manufacturing the semiconductor device 1 of the first embodiment 
will be described in the order of steps. First, the mounting 
substrate 10 is prepared. On the first surface of the substrate 
10, the internal land electrodes 11, which are formed in 
corresponding positions to the chip electrodes 21 of the chip 
25 20 to be mounted, and the external land electrodes 12, which 
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are formed on the second surface opposite the first surface, 
are provided. The corresponding internal and external land 
electrodes 11 and 12 are connected to each other through the 
in-substrate wiring 15 (Fig. 8a) . 
5 Second, the first adhesive 42 with a thermal expansion 

coefficient of 16 to 22 ppm and with an elastic modulus of 11 
to 12 GPa is applied to the peripheral portion of the substrate 
10 in a shape so as to coincide with the shape of the frame-shaped 
stiffener 30, which is also prepared beforehand. Thereafter, 

10 the stiffener 30 is aligned with the portion coated with the 
first adhesive 42 andmounted thereon so that the first end surface 
is brought into contact with the first adhesive 42, which is 
then temporarily cured at around [[125 °C]]125_^ for about 15 
minutes (Fig. 8b) . In this state, the stiffener 30 is bonded 

15 to the mounting substrate 10, but the first adhesive 42 has not 
completely set yet . Note that the first adhesive 42 essentially 
contains a resin material selected from the group consisting 
of, e.g., epoxy, polyolefin, silicon, cyanate ester, polyimide, 
and polynorbornene resins, and is adjusted by mixing a proper 

20 amount of an inorganic filler so as to set the thermal expansion 
coefficient and the elastic modulus to desired values. A 
material of the stiffener 30 can be selected from the group 
consistingof Cu, SUS (ferrite stainless steel) , alumina, silicon, 
aluminum nitride, and epoxy resin. 

25 Third, the chip 20 is connected to the substrate through 

flip chip bonding. More specifically, the chip 20 in which the 
bump electrodes 22 are bonded onto the chip electrodes 21 is 
positioned and mounted on the internal land electrodes 11 so 
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that the bump electrodes 22 are brought into contact with the 
corresponding internal land electrodes 11, and heated to around 
[ [250 "^C] ] 250°C in, e.g., a nitrogen atmosphere, to be connected 
to the internal land electrodes 11 of the substrate 10 (Fig, 
5 8c) . 

Next, the first resin 40 is injected into a gap between 
the chip 20 and the substrate 10 with a dispenser or the like 
by a dropping method and fills [ [that] ] the gap . Thereafter, 
the first resin 40 is temporarily cured at around [ [100 °C] ] lOO^'C 

10 for about 10 minutes (Fig. 8d) . In this state, the first resin 
40 also has not completely set yet. The first resin 40 is prepared 
by adjusting, e.g., an epoxy resin so that the thermal expansion 
coefficient thereof is set to about 32 ppmand the elastic modulus 
thereof to about 9 GPa. With these characteristics of the first 

15 resin 40, the flowability thereof is 1000 to 40000 centipoises 
(CPS), and the first resin 40 can be injected to fill the gap 
between the chip 2 0 and the substrate 10, so that the underfill 
part 40a can be formed without generating any voids. At this 
time, the first resin 40 forms not only the underfill part 40a 

20 in the gap between the chip 20 and the substrate 10 but also 
the fillet part 4 0b extended from the underfill part 4 0a to a 
surrounding area of the chip 20. However, the fillet part 40b 
does not reach the stiffener 30, and at this point in time, the 
first surface of the substrate 10 is exposed between the fillet 

25 part 40b and the stiffener 30. 

Subsequently, the space surrounded by the inner walls of 
the stiffener 30, the side walls of the chip 20, the first surface 
of the substrate 10 and the fillet part 40b is filled with the 
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second resin 41, which is then temporarily cured at around [ [150 
^C] ] 150°C for about 30 minutes (Fig. 8e) . In this state, the 
second resin 41 also has not completely set yet. For the second 
resin 41, an epoxy resin smaller in thermal expansion coefficient 
5 than the first resin 40, for example, an epoxy resin with a thermal 
expansion coefficient of 8 to 16 ppm and with an elastic modulus 
of 11 to 28 GPa can be used. It is more preferable if the thermal 
expansion coefficient of the second resin 41 can be set smaller 
than that of the substrate 10. As a filling method, a method 

10 of injection, transfer molding, liquid resin dropping or the 
like can be used. 

Next, the second adhesive 43 is applied onto the backside 
of the chip 20 and onto the second end surface of the stiffener 
30 (Fig. 8f) . Thereafter, the lid 31 is mounted to cover the 

15 entire area surrounded by the stiffener 30. A proper load is 
applied on the lid 31, and the temperature of the entire device 
is slowly increased to about [[175 ^C] ] 175°C . Further 
maintaining it at about [[175 "CIJITS^C for about 60 minutes, 
real curing is carried out (Fig. 8g) . Thus, all of the first 

20 resin 40, the second resin 41, the first adhesive 42 and the 
second adhesive 43 are completely cured, and the lid 31 is 
completely bonded. Note that, for the second adhesive 43, an 
epoxy resin with a thermal expansion coefficient of about 50 
to 100 ppm can be used, for example. In addition, it is more 
• 25 preferable to mix a proper amount of Ag or Cu powder as inorganic 
filler [ [to] ] into the second adhesive 43 to improve the thermal 
conductivity of the second adhesive 43. 

Finally, the solder bumps 13, which are external terminals. 
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are bonded to the external land electrodes 12 of the substrate 
10 by a general method, thus completing the semiconductor device 
1 (Fig. 8h) . 

Note that, for all of the main component resin materials 
5 of the first resin 40, of the second resin 41, of the first adhesive 
42 andof the second adhesive 43, the same epoxy resin, forexample, 
can be used. The [[each]] resin may be adjusted to optimal 
characteristics in accordance with required characteristics 
thereof, such as a thermal expansion coefficient, by changing 

10 an inorganic filler content added to the main component resin. 
(Second Embodiment) 

Next, a second embodiment will be described with reference 
to Fig . 2 . Note that a method for manufacturing a semiconductor 
device la of the second embodiment is similar to that for the 

15 semiconductor device 1 of the first embodiment . A configuration 
of the semiconductor device la is almost the same as that of 
the semiconductor device 1. The difference between the 
semiconductor device la and the semiconductor device 1 is that 
a resin the same as the second resin 41 is used as a first adhesive 

20 42a for bonding the stif f ener 30 to the substrate 10 . According 
to this semiconductor device la, by using the resin the same 
as the second resin 41 with a thermal expansion coefficient of 
about 8 to 16 ppm and with an elastic modulus of 11 to 28 GPa 
for the first adhesive 42a for bonding the stiffener 30, the 

25 contraction in a portion of the substrate 10 directly facing 
the chip 20 can be reducedmore, and thus it is possible to suppress 
the warpage in the substrate 10. 
(Third Embodiment) 
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Next, a third embodiment will be described with reference 
to Figs. 3a to 3c. Referring to Figs. 3a to 3c, a semiconductor 
device lb of the third embodiment includes: a mounting substrate 
10; a semiconductor chip 20 mounted on a first surface of the 
5 substrate 10 through flip chip bonding; a first resin 40 filling 
a gap between the substrate 10 and the chip 20; a frame-shaped 
stiffener 32 surrounding the chip 20; a first adhesive 42 for 
bonding a first end surface of the stiffener 32 to the substrate 
10; a lid 31 for covering the stiffener 32 and an area surrounded 

10 by the stiffener 32; a second adhesive 43 for bonding the lid 
31 to a backside of the chip 20 and to a second end surface opposite 
the first end surface of the stiffener 32; and a second resin 
41 filling a space surrounded by the stiffener 32, side faces 
of the chip 20 and the substrate 10 in contact with the first 

15 resin 40. The first resin 40 includes an underfill part 40a 
filling a gap between the chip 20 and the substrate 10, and a 
fillet part 40b extended from a region where the chip 20 and 
the substrate 10 face each other. A configuration of the 
semiconductor device lb of the third embodiment is almost the 

20 same as that of the semiconductor device 1. The difference 
between the semiconductor device lb and the semiconductor device 
1 is that ruggedness is present in a gap between the first end 
surface of the stiffener 32 and the substrate 10 . Specifically, 
the entire first end surface of the stiffener 30 of the 

25 semiconductor device 1 is planar, while the first end surface 
of the stiffener 32 is processed, e.g., in a spiral or a grid 
shape of grooves, or in a shape in which convex parts 50 and 
concave parts are alternately formed. In this case, a depth 
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of the grooves or of the concave parts can be set as occasion 
demands, but preferably set to about 50 to 200 jam which is 
approximately the same [ [to] ] as the gap between the chip 20 and 
the substrate 10 . Amaterial of the stif fener 32 can be selected 
5 from the group consisting of Cu, SUS (ferrite stainless steel) , 
alumina, silicon, aluminum nitride, and epoxy resin. The 
stif fener 32 is bonded to the substrate 10 by filling the concave 
parts in the first end surface with the first adhesive 42 . Note 
that, in this case as well, the concave parts of the first end 

10 surface may be filled with a resin the same as the second resin 
41 in place of the first adhesive 42. 

An operation feature at room temperature and temperature 
cycling according to the structure of the semiconductor device 
lb, is that the warpage in the substrate 10 by the stiffener 

15 32 is first suppressed by approximating a bonding state between 
the substrate 10 and the stiffener 32 to that between the chip 
20 and the substrate 10. Further, the first resin 40 fills the 
gap between the chip 20 and the substrate 10 to which the chip 
is connected, and then the first resin 40 is cured. In addition, 

20 the second resin 41 fills the space around the chip 20 so that 
the second resin 41 occupies the almost entire space, and then 
the second resin 41 is cured. Up-and-down movements are 
suppressed by the second resin 41 filling the space between the 
sidewalls of the chip 20 and the inner walls of the stiffener 

25 32. The stiffener 32 can be made of a material such as silicon 
or copper, then connection electrodes are disposed in regions 
of the mounting substrate 10, with which the convex parts 50 
of the first end surface are brought into contact, and the convex 
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parts 50 of the first end surface is metalized and activated 
by use of a flux to be connected to the connection electrodes 
by solder. In this case, since the bonding state between the 
substrate 10 and the stiffener 32 can be set similar to that 
5 between the chip 20 and the substrate 10 , it is possible to suppress 
warpage in the substrate 10 caused by contraction. Moreover, 
the example has been described in which the first end surface 
of the stiffener 32 is in the rugged shape . However, low-melting 
metal members such as solder bumps, which become gap members, 

10 maybe arranged in the regions of themounting substrate 10 brought 
into contact with the stiffener 32 to form a rugged shape. 
( Fourth Embodiment ) 

Next, a fourth embodiment will be described with reference 
to Fig. 4. Referring to Fig. 4, a semiconductor device Ic of 

15 the fourth embodiment is different from the semiconductor devices 
1, la and lb of the first to third embodiments, respectively, 
only in that a shape of an opening of a stiffener 33 is 
reverse-tapered. The other configuration may be similar to 
those of the semiconductor devices 1, la and lb. In the 

20 semiconductor device Ic, since an eave portion of the stiffener 
33 is spread over the second resin 41, there is an effect of 
preventing the deformation of the fillet part 40b and of the 
second resin 41 toward a lid 31. Note that a method for 
manufacturing the semiconductor device Ic of the fourth 

2 5 embodiment is similar to that of each semiconductor device of 
the first to third embodiments, and therefore description thereof 
will be omitted. 
(Fifth Embodiment) 
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Next, a fifth embodiment will be described with reference 
to Figs. 5a to 5c. Referring to Figs. 5a to 5c, a semiconductor 
device Id of the fifth embodiment includes: amounting substrate 
10; a semiconductor chip 20 mounted on a first surface of the 
5 substrate 10 through flip chip bonding; a first resin 40 filling 
a gap between the substrate 10 and the chip 20; a frame-shaped 
stiffener 34 surrounding the chip 20; a first adhesive 42 for 
bonding a first end surface of the stiffener 34 to the substrate 
10; a lid 31 for covering the stiffener 34 and an area surrounded 

10 by the stiffener 34; a second adhesive 43 for bonding the lid 
31 to a backside of the chip 20 and to a second end surface opposite 
the first end surface of the stiffener 34; and a second resin 
41 filling a space surrounded by the stiffener 34, side faces 
of the chip 20 and the substrate 10 in contact with the first 

15 resin 40. The first resin 40 includes an underfill part 40a 
filling a gap between the chip 20 and the substrate 10, and a 
fillet part 40b extended from a region where the chip 20 and 
the substrate 10 face each other. A configuration of the 
semiconductor device Id of the fifth embodiment is almost the 

20 same as that of the semiconductor device 1. The difference is 
that a concave part 34a is formed on a first end surface side 
in each of four corners of the stiffener 34, and these concave 
parts 34a are filled with the second resin 41. A rectangular 
semiconductor device is easily influenced by 

25 expansion/contraction in the diagonal direction thereof, 
because a diagonal length thereof is longest therein . According 
to the semiconductor device Id, the aforementioned structure 
provides an effect of suppressing an influence by 
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expansion/compression. 

In the semiconductor device Id of this embodiment, as a 
material of the stiff ener 34, it is preferable to use a material 
of which the thermal expansion coefficient is approximate to 
5 that of the substrate 10, suchasAl, CuorSUS. The first adhesive 
42 may be used for bonding the substrate 10 to the other parts 
than the concave parts 34a of the stiffener 34, i.e., to side 
centers of the stiffener 34, but the use of a resin the same 
as the second resin 41 is more preferable. The concave parts 

10 34a provided in the corners are filled with the second resin 
41. A working feature according to the structure of the fifth 
embodiment is that the thermal expansion coefficients of the 
substrate 10 and of the stiffener 34 are nearly matched with 
each other, and at the same time, the concave parts 34a are filled 

15 with the second resin 41, thereby suppressing the warpage in 
the substrate 10. Moreover, the warpage in the portion of the 
substrate 10 directly facing the chip 20 is suppressed by the 
first resin 40 and the second resin 41. 

Next, a method for manufacturing the semiconductor device 

20 Id of this embodiment will be described. Since a first method 
for manufacturing the semiconductor device Id is almost similar 
to that for the semiconductor device 1 of the first embodiment, 
different points will be mainly described. A first different 
point is the shape of the first end surface of a stiffener. The 

25 stiffener 34 has the concave parts 34a processed on the first 
end surface in each corner. On the contrary, the first end surface 
of the stiffener 30 is flat. A second different point is that, 
in association with the use of the stiffener 34, the first adhesive 
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42 or the second resin 41 is applied on the substrate 10 in a 
shape so as to coincide with the shape of the stiff ener 34, the 
second resin 41 is superposedly applied on corresponding 
positions to the concave parts 34a, and the stiff ener 34 isaligned 
5 with the portions coated with the first adhesive 42 or the second 
resin 41 in the shape so as to coincide with the shape of the 
stiffener 34 and mounted thereon so that the first end surface 
is brought into contact with the first adhesive 42 or the second 
resin 41. The other portions can be manufactured by a similar 

10 manufacturing method to that for the semiconductor device 1 of 
the first embodiment. 

Next, a second method for manufacturing the semiconductor 
device Id will be described with reference to Figs. 9a to 9i. 
First, the stiffener 34 (not shown in Fig. 9a) and the substrate 

15 10 are prepared. On the first surface of the substrate 10, the 
internal landelectrodes 11 are formed in corresponding positions 
to the chip electrodes 21 of the chip 20 to be mounted. The 
external land electrodes 12 are formed on the second surface 
opposite the first surface. The corresponding internal and 

20 external land electrodes 11 and 12 are connected to each other 
through in-substrate wiring 15 (Fig. 9a) . 

Next, the first adhesive 42 with a thermal expansion 
coefficient of 16 to 22 ppm and with an elastic modulus of 11 
to 12 GPa is applied on a peripheral portion of the substrate 

25 10 in a shape so as to coincide with the shape of the prepared 
stiffener 34 . Thereafter, the stiffener 34 is aligned with the 
portion coated with the first adhesive 42 and mounted thereon 
so that the first end surface is brought into contact with the 
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first adhesive 42, which is then temporarily cured at around 
[ [125 °C] ] 125^0 for about 15 minutes (Fig. 9b) . In this state, 
the stiffener 34 is bonded to the substrate 10, but the first 
adhesive 42 has not completely set yet. Note that the first 
5 adhesive 42 essentially contains a resin material selected from 
the group consisting of, e.g., epoxy, polyolefin, 
oilicon silicone , cyanate ester, polyimide, and polynorbornene 
resins, and is adjusted by mixing a proper amount of inorganic 
filler so that the thermal expansion coefficient and the elastic 

10 modulus are set to desired values. A material of the stiffener 
34 is preferably selected from the group consisting of Cu, SUS 
(ferrite stainless steel) , and Al of which the thermal expansion 
coefficient is approximate to that of the substrate 10. 

Next, the chip 20 in which the bump electrodes 22 are bonded 

15 to the chip electrodes 21 is positioned and mounted so that the 
bump electrodes 22 are brought into contact with the 
corresponding internal land electrodes 11, and heated to about 
[ [250 °C] ] 250''C in, e.g., a nitrogen atmosphere, thus connecting 
the chip 20 to the internal land electrodes 11 of the substrate 

20 10 (Fig. 9c) - 

Next, the first resin 40 is injected with a dispenser or 
the like by a dropping method to fill a gap between the chip 
20 and the substrate 10, and then temporarily cured at around 
[ [100 °C] ] 100°C for about 10 minutes (Fig. 9d) . In this state, 

25 the first resin 40 also has not completely set yet. Note that 
the first resin 40 is prepared by adjusting, e.g., epoxy resin 
to have a thermal expansion coefficient of about 32 ppm and an 
elastic modulus of about 9 GPa. With these characteristics of 
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the first resin 40, the flowability thereof is 1000 to 40000 
centipoises (CPS) , and the first resin 40 can be injected to 
fill the gap between the chip 20 and the substrate 10 without 
generating any voids and fills that without generating any voids . 
5 At this time, the first resin 40 forms not only the underfill 
part 40a filling the gap between the chip 20 and the substrate 
10 but also the fillet part 40b extended from the underfill part 
40a to a surrounding area of the chip 20. However, the fillet 
part 40b does not reach the stiffener 34, and at this point of 

10 process steps, the first surface of the substrate 10 is exposed 
between the fillet part 40b and the stiffener 34. 

Next, after the second adhesive 43 is applied onto the 
backside of the chip 20 and onto the second end surface of the 
stiffener 34 (Fig. 9e) , the lid 31 is mounted on the second adhesive 

15 43 so as to cover the entire area surrounded by the stiffener 
34. The secondadhesive 43 is then heatedat about [ [150°C] ] 150^ 
for about 30 minutes, and thereby temporarily cured to bond the 
lid 31 thereto (Figs. 9f and 9g) . Note that, for the second 
adhesive 43, an epoxy resin with a thermal expansion coefficient 

20 of about 50 to 100 ppm can be used, for example. In the case 
of the second adhesive 43, it is more preferable to mix a proper 
amount of Ag or Cu powder as an inorganic filler to improve the 
thermal conductivity of the second adhesive 43, 

Next, a heating pressing-in nozzle 60 is brought into 

25 contact with two of the concave parts 34a formed in the corners 
of the stiffener 34 to which the lid 31 is connected, and the 
second resin 41 is injected to fill the space surrounded by the 
side faces of the chip 20, the inner walls of the stiffener 34, 



32 Serial No. 10/763,554 

Docket: NEC 26485 
Marked Specification 

the lid 31, the substrate 10 and the fillet part 40b (Figs. 9h 
and 9i) . Note that, as the method for injecting the second resin 
41 to fill the space, an injection method using a transfer mold 
can be also used. 
5 Next, after the entire device is slowly heated to about 

[[175 ^C]]175^, it is maintained at the state of about [[175 
°C] ] 175°C for about 60 minutes, so that all of the first resin 
40, the second resin 41, the first adhesive 42, and the second 
adhesive 43 are completely cured. Thereafter, for example, 

10 solder bumps 13, which become external terminals, are bonded 
to the external land electrodes 12 of the substrate 10 by a well 
known method, thus completing the semiconductor device Id as 
shown in Figs. 5a to 5c. 
(Sixth Embodiment) 

15 Next, a sixth embodiment will be described with reference 

to Fig. 6. A semiconductor device le of this embodiment is 
different from the semiconductor device 1 of the first embodiment 
in that the stiffener 30 is replaced with a stiffener 35 made 
of an organic material resin. The other configuration is the 

20 same as that of the semiconductor device 1 . Except for the fact 
that the stiffener 35 made of the resin is prepared beforehand 
by, e.g., transfer molding, the other steps of a method for 
manufacturing the semiconductor device le of this embodiment 
are similar to those of the method for manufacturing the 

25 semiconductor device 1 of the first embodiment, as shown in Figs . 
10a to lOg, and therefore detailed description thereof will be 
omitted. To explain an outline, first, the first adhesive 42 
is applied on the substrate 10, and the resin stiffener 35 is 
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mounted thereon to temporarily cure the first adhesive 42. 
Subsequently, the chip 20 is connected to the internal land 
electrodes 11 through flip chip bonding, and the gap between 
the chip 20 and the substrate 10 is filled with the first resin 
5 40, which is then temporarily cured. Next, a second resin 41 
is injected into the space between the stiffener 35 and the chip 
20. Next, the second adhesive 43 is applied onto the backside 
of the semiconductor chip 20 and onto the second end surface 
of the stiffener 35, the lid 31 is mounted thereon to carry out 

10 full curing, and all of the first adhesive 42, the first resin 
40, the second resin 41 and the second adhesive 43 are completely 
cured. Thus, the semiconductor device le is completed. 

Note that, as another method for manufacturing the 
semiconductor device le of this embodiment, a method in which 

15 the substrate 10 is placed in a transfer sealing mold and the 
resin stiffener 35 is integrally formed on the substrate 10, 
can be applied. By this method, a shape shown in Fig. 10b can 
be realized, and the processes thereafter can be carried out 
similarly to the manufacturing method of the first embodiment. 

20 According to this method, it is possible to save labor in the 
manufacturing processes. 
(Seventh Embodiment ) 

Next, a seventh embodiment will be described with reference 
to Fig. 7. A semiconductor device If of this embodiment is 

25 different from the semiconductor device 1 of the first embodiment 
in that the stiffener 30 is replaced with a stiffener 36 which 
is made of an organic material resin and has a reverse-tapered 
opening. The other configuration is similar to that of the 
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semiconductor device 1. According to the semiconductor device 
If of this embodiment, the stiffener 36 hangs over the second 
resin 41 in a manner of eaves . This structure provides an effect 
of suppressing the deformation of the fillet part 4 0b and of 
5 the second resin 41 toward a lid 31 . A method for manufacturing 
the semiconductor device If of this embodiment is similar to 
that of the semiconductor device le of the sixth embodiment. 

As described above, according to the present invention, 
a semiconductor chip is connected to a mounting substrate through 

10 flip chip bonding, a gap between the substrate and the chip is 
filled with a first resin, and a stiffener is attached to the 
substrate so as to surround the chip to serve as a lid support. 
In this state, the space surrounded by the mounting substrate, 
the side-walls of semiconductor chip, the stiffener and the lid 

15 is filled with the second resin smaller in thermal expansion 
coefficient than the first resin, and all the resins are cured. 
Accordingly, the second resin suppresses the up-and-down 
movements of the mounting substrate due to the 
expansion/contraction of the first resin, and thus it is possible 

20 to prevent the occurrence of detachment of the chip electrodes 
from the internal land electrodes and the occurrence of cracks 
of the solder bumps caused by temperature cycling. Moreover, 
since the strength of the mounting substrate can be reinforced 
at an initial stage of the manufacture, it is possible to improve 

25 handling performance and to suppress warpage in the mounting 
substrate during the manufacturing processes. Further, by 
temporarily curing the adhesives and the resins in the respective 
steps, and completely curing the adhesives and the resins all 



35 Serial No. 10/763,554 

Docket: NEC 26485 
Marked Specification 

together at the end, it is possible to limit deformation to a 
minimum after the manufacture. 

Specifically, for example. Figs. 12a to 12e schematically 
show warped states of the mounting substrates in the respective 
5 semiconductor devices of the first to fifth embodiments of the 
present invention. Note that, for comparison, a warped state 
of a mounting substrate of a conventional semiconductor device 
is shown in Fig. 12f. In Figs. 12a to 12f, broken lines 
schematically indicate the warped states of the mounting 

10 substrates . As can be understood from Figs . 12a to 12e, maximum 
values Wa, Wb, Wc, Wd and We of the amounts of warpage in the 
mounting substrates of the semiconductor devices of the 
respective embodiments of the present invention are all 
sufficiently smaller than a maximum value Wf of the amount of 

15 warpage in the mounting substrate of the conventional 
semiconductor device . 

Fig. 13 is a graph showing a result of actually measuring 
the amount of warpage in the mounting substrate of the 
semiconductor device when the temperature of a sample is changed, 

20 regarding the sample (semiconductor chip size : 17 . 3 mmxl7 . 3 mm, 
mounting substrate thickness: about 1.0 mm, and mounting 
substrate size: 50 mmx50 mm) of the semiconductor device of the 
first embodiment of the present invention. Note that Fig. 13 
also shows, as a comparative example, the amount of warpage in 

25 the mounting substrate of the semiconductor device of the 
conventional structure (the semiconductor chip size, the 
mounting substrate thickness and the mounting substrate size 
are the same as those of the above sample) . It can be understood 



36 Serial No. 10/763,554 

Docket: NEC 26485 
Marked Specification 

from Fig. 13 that the warpage in the mounting substrate of the 
semiconductor device of the present invention is much lower than 
that of the conventional semiconductor device, in the temperature 
cycling test. 

5 Moreover, by using a resin the same as the second resin 

for the first adhesive as in the second embodiment, it is possible 
to further suppress the up-and-down movements of the mounting 
substrate due to the expansion/contraction of the first resin. 
Thus, it is possible to more effectively prevent the occurrence 

10 of detachment of the chip electrodes and of the internal land 
electrodes and the occurrence of cracks of the solder bumps caused 
by the temperature cycling. 

Furthermore, as in the fifth embodiment, by filling the 
concave parts formed in four corners on the first end surface 

15 of the stif f ener with the second resin smaller in [ [the] ] thermal 
expansion coefficient than the first resin to use the second 
resin as part of the adhesive for bonding the stiffener to the 
mounting substrate, the influence of expansion/contraction in 
the diagonal direction of which the length is largest in the 

20 rectangular semiconductor device can be further suppressed. 
Thus, it is possible to more effectively prevent the occurrence 
of detachment of the chip electrodes and of the internal land 
electrodes and the occurrence of cracks of the solder bumps caused 
by the temperature cycling. Additionally, according to the 

25 second manufacturing method of the fifth embodiment, the second 
resin is injected and cured after the lid 31 is attached. 
Consequently, the space surrounded by the mounting substrate, 
the stiffener, the side walls of the semiconductor chip, the 
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lid, and the fillet part can be completely filled with the second 
resin without generating any empty space 47 between the lid 31 
and the second resin 41, and thus it is possible to suppress 
the deformation of the mounting substrate 10. 
5 Note that, in each drawing illustrating a first, a second, 

a third, a fourth, a sixth and a seventh embodiments of the present 
invention, the empty space 47 is shown in exaggerated form for 
clarity. The empty space 47 is very small in practice, so the 
second resin 41 may be partially in contact with the lid 31 in 

10 each of the embodiments. 

It is apparent that the present invention is not limited 
to the above embodiments and description, but may be modified 
or changed without departing form the scopes and spirits of 
apparatus claims that are indicated in the subsequent pages as 

15 well as methods that are indicated below: 

AA. A first method for manufacturing a semiconductor device 
comprises the steps of: bonding a stiff ener to a mounting 
substrate; connecting a semiconductor chip to the mounting 
substrate; filling a gap with a first resin and curing the first 

20 resin; filling a space surrounded by the stiff ener, the mounting 
substrate, and the semiconductor chip with a second resin and 
curing the second resin; attaching a lid; and connecting solder 
bumps to the mounting substrate, wherein at least the step of 
bonding the stif fener to the mounting substrate is set as a first 

25 step, and the step of connecting the semiconductor chip to the 
mounting substrate is set as a second step. 
BB. In the method described in AA, the step of bonding the 
stif fener to the mounting substrate includes the steps of: 
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applying a first adhesive onto the mounting substrate; and 
semi-curing the first adhesive after the stiffener is mounted 
on the first adhesive, 

the step of filling the gap with the first resin and curing 
5 the first resin includes the steps of: filling the gap between 
the semiconductor chip and the mounting substrate with the first 
resin; and semi-curing the first resin, 

the step of filling the space with the second resin and 
curing the second resin includes the steps of: filling the space 

10 with the second resin; and semi-curing the second resin, and 
the step of attaching the lid includes the steps of: 
applying the second adhesive onto the backside of the 
semiconductor chip and onto the second end surface of the 
stiffener; mounting the lid on the second adhesive; and curing 

15 the second adhesive; wherein in the step of curing the second 
adhesive, the first adhesive, the second adhesive, the first 
resin and the second resin are completely cured all together. 
CC. A second method for manufacturing a semiconductor device 
comprises the steps of: bonding a stiffener to a mounting 

20 substrate; connecting a semiconductor chip to the mounting 
substrate; filling a gap with a first resin and curing the first 
resin; filling a space surrounded by the stiffener, the mounting 
substrate, and the semiconductor chip with a second resin and 
curing the second resin; attaching a lid; and connecting solder 

25 bumps, wherein the step of filling the space with the second 
resin and curing the second resin is executed after the step 
of attaching the lid. 
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□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: " 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



